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ihle 

AMORPHOUS COPOLYMERS OF 

tetraflu oroeth ylene and hexafluoropropylene 
nnftfTTHFir™™" 

This invention is in the field of fluoropolymers, pamcularly 
copolymers of tetrafluoroethylene and hexafluoropropylene. 

Fluoropolymers, including homopolymers and copolymers 
0 of tetrafluoroethylene (TFE). collectively ^ 

and widely used because of their unusual combmauon of chem.cal 
resistance, surface characteristics, dielectric PJ»P*^ 
high-temperature service capabilities. Dependmg on chem.cal 
clposidon. i.e.. the identity and proportion of monomer un.ts ,n the 
15 pZe,afiuoropolymermaybepani^ 

elastic or etaomeric. Amorphous dipolymere ol ircanop 
piasuc ur cia^i transition 
alkvl vinyl Mirers are known 10 be elasromenc. will, »«! 
ttLranrres (TA »s».«y lass Ulan 10-C. desirably less man 0 C. More 
^IcTb-i-poly^. havin 8 T £ a, abour room rempemmrc or 

20 high*, « d«*d ^^opeopylene (HFT) 

m I^wn. For example Bro * Sand, in U.S. P,«n. 2.946.763 disclose 
copolymers wi,h HFP co„,.n, refleclad by a 

rhe field have refined .hair aomposi.ional aalibrauons of HFPI an now 
,0 in«aW use mul.ip.ios in rhe mn*e of 3.0-3.2 » eonverr HFPI ro HFP 
aomen.inw^ . paIent 5 . 266 .639 discloses panially 

i Uavino HFPI of 6 4 to about 9. made by 
^ctniline TFE/HFP copolymers having Mr ri 01 o.** iu a 

"em a cTo^ion » M °Tw 
35 hi ? h concanuarl of surfacunl can impede iola.ion 

r L and rha, surfacram concenuarion should be lass dian 0.4 w, /.. 
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preferablv less than 0.2 ««. based on the aque us medium Surfactant 

concentrations exemplified were in the preferred range, 
concentrat, ^ F ^ ^ ^ ^ ^ a conUnuous 

po.vmerization process for TFE polymers including «P*»«_ 
poiymcn k com onomers. For TFE/HFP 

contaimng up to » ^ {Q convcrt HFPI to HFP content 

copolymers, a muU. P l.« oflA ** « Hppl Qf 

(HFPI of 2 7 was the highest level actually achieved. The continuous 
(HFPI of 2^7, was » fr ^ somc d , savantages . 

: S«r operation and to — 
mass without coagulation of the polymer « or « passm J *™J^ 
Ln valve. This high surfactant concentrate can. m mm. make t 
5 "met difficult to isolate the polymer from the 

rndesirableintheisolatedproduct. Space-time y.eld for Khan s low-HFP 
coDolvmerwasoftheorderofonlyO.UgA.hr. 
P * Khan discloses that TFE/HFP dipolymers having HFP 
. . upp,-Q 5 are partiallv crvstalline. though HI-F 
content reflected by HFPI - W « part ^ 

,cvc,sofHFP ;cr;:u,.patent3.o^ 

copolvmers. Such copolymers havmg HFPI values of about 11 _and 2- 
,5 exemplified. Eleuterio also discloses a partially crystalhne TFE/HFP 
25 exemplitieo cmta M n ity. This level of 

copolymer havmg HFPI 10 J _ and corre sponds to 

crvstallinity is surprisingly high for the hi- r i 

HFP ecu* of aboo, 25 n»m n , f ^ ^ « " .hod 
^cXsoUnoo of TFE p*« ,as,n ta. its p*— - 
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15 



medium is known. A freeze drying process, involving sublimauon of *e 
w erTom the frozen coagulate or dispersion, for fibrillatible non-melt 
fabricable TFE po.ymer usually supplied as an agglomerate o d.spers.on 
panicles (often called fine powder) is disclosed by Ocone ,. U.S. Patent 
3T92759 Furuya&MotooinU.S.Patent5,816,431 d.sclose a process 
for preparing a dispersion of raw materials for reaction layers of a gas 
permeable electrode comprising mixing carbon black, 
Jolytetrafiuoroe.hy.ene. water and surfactant, freezing th,s nuxture and 
then thawing out the mixture. 

iiiriM^YnrTHr^-NnoN 

The invention provides a uniform amorphous copolymer 
comprisina copolvmerized units of teuafluoroethylene and 
h X-Propvlene. having HFP content of up to 29 mo,%. In one 
mZiment of the invention. HFP content is from 20 to 29 mol%. In 
ale embodiment, the copo.ymer also contains copolymer -*-f 
at least one comonomer selected from fluoroo.efin contam.ng 4-8 carbon 
atoms and fluorovinylether. said copolymer containing sufficent 
hexafluoropropylene and additional comonomer combined to cause the 
copolymer to be amorphous, said copolymer having glass transmon 
20 temperature of at least about 20°C. 

20 tempera m mveMionals o provides aqueous disperses of aard 

amorphous copolyraera. and a process for isolating "^-^ M 
polvmer resin from aqueous polymerizarion med.um. Th,s process 
compos flrs, freezm, ,h. dispersion, .hawing Ore frozen d,spera,o„. and 
■>S then removin. the liquid from lh= polymer solids. In a preferred 
' moment ifrats process, the liquid of the .hawed ' 
removed immediarely from .he polymer solids, .hts prov.dmg 
n man if wa.e, removal is delayed. In rummer pre.erred embod.men, 
1 iLlon proces ofmis invention, .hawing of .he frozen drsperston. 
30 lova, of me liquid from Ore thawed frozen diaperston. and wash,* of 
Ae polymer solids of me thawed frozen dispersion ,r. earryred on, 
ainmUan^ ^ ^ ^ _ ^ ^ comprisi . 

subauate cua.«d wim a coating, wherein the coaring 
35 eopolymer of .erranuoroerhylene and hexafluoropropylene havmg HFP 
content of up to 29 mol%. 
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In another embodiment of the invention, the uniform 
amorphous copolymer described above is made by the process compnstng 
batch polvmerizing the fluoroolefms (tetrafluoroethylene and 
„ Xopropviene) in an aqueous medium contaimng surfactant o 
p o'uce an aqueous dispersion of the copolymer from these fluoroolefms. 
Z surfac Jbeing present in a concentration which , at least , .5 umes 
the critical micelle concenuation of said surfactant. 

It has also been discovered that this polymenzation process 
is advantageously applicable to the copolymerization of *«— ' 
, to make partially crystalline melt-fabricable fluoropolymer and thts . 
IZ r embodiment of the present invent,, I. this embodim «t£ 
surfactant concentration can be as little as 1.2 umes the cnttcal m.c lie 
cone ration. Tvpically. the fluoropolymer will contatn repeat untts 
derived from tetra luoroethylene. and the amount of comonomer present 
5 Zl^opoW^o* wi,« be effective to impart melt-fa ncab.hty 

The TFE/HFP copolvmers of this invention have up to 
™ mo l% of units derived from HFP and are amorphous. By this it is 
12 ** \te Z« of fusion ca.cu.ated from any endotherm detected ,n a 
meant mat me nc as -p 0 |vmerized resin is 

25 differential scanning calor.meiry (DSC) scan .or p 

no more than about 3 J/g, preferab.y no more than bout J/g. Such 

Generally, no endotherm is seen m a second DSC heating 
30 endotherm is ^^ ?? copolymers of this invention can 
contain units derived from one or more additional Ouoromonomers 
selected from fluorolefins having 4 to 8 carbon atoms and 
flto ovinylethers. Fluoroolefms having 4-8 carbon atoms include 
fluoroviny e , elh lene and perfluoroolef.ns. 

formula CF : = CFCXRyO)* R/. -herein k is Oo. R / »s linear 
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branched perfluoroalkylene of 2 to 6 carbon atoms and R, is 
perfluoroa.kyl of 1 to 6 carbon atoms, examples of 
perfluoro(alkvl vinyl ether) (PAVE) co.respond.ng to K - 0 Pref rr d 
PAVE include perfluoroCmethy. vinyl ether), perfluoro(edty. v.nyl ether) 
Ld ^uorojropyl viny! ether). Still additiona. examples of such 

functionality is ester, alcohol, or acid. The ester- funcnonal 
^vinylethers can be carboxylic ester or alcoholic „ Examples of 
such fluo ovinylethers include CF 2 =CFlOCF 2 CF(CF 3 )} m -0- 
) CF, ^CH OH as disclosed in U.S. Patent 4,982.009 and the a cohohc 
ester ^OCFXFCCF,)!^^^ VOfOR « dlSC '° Sed " 
US Patent 5.310.838. Additional fluorovinylethers .nclude 
CF;=CFlOCF,CF(CF 3 )] m O(CF 2 ) n COOH and its carboxyhc ester 
CF^CFIOCF^CF^WCF^COOR disclosed m U.S 
5 Patent 4.138.426. In these formulae, m = 0-3. n* 1-4. p" 1-2 and R ts 
methvl or ethvl. Preferred such fluorovinylethers are 
CF,=CFOCF-,CF(CF 3 )CKCF 2 )2CH 3 OHand 
Cf"=CFOCf",CF(CF 3 )0(CF 2 ) 2 COOH. These fluorovinylethers are 
preyed 2r becaie of their availability or their ability to incorporate 
!0 CLlityintotheresultantcopolyme, 

include alkvl fluorovinvl ethers such as disclosed in U.S. Patent 

59 «oT The additional comonomer does no, prevent ,he incorporalton 
oi £S antoon. ofHFP into the cotnonotner. Typically from 0.1 to .0 
of additional comonome, may be pre.cn. based 
>5 unila in Out resultant copolymer. The uses of amorphous TFEmFP 
' 5 ; 0 lymer disclosed herein tnclude me posstbility 

JLLa on. or more additional comonomera such as described nbo>e. 
containing on. « _ ^ ofMs _ 

,ha, is amorphous . d.f,n.d above will rvpic.lly have HP? eonl.nl of 
« f „l, 2 0.o29mol%.us».Uyfrom22lo20mol%. (Statement, of 
ZZZ oiTposiuon in lernrs of comonome, conienl refer to untrs 

is in surprising conrras. lo Eleulerio's dtsclosure (U.S. Paten. 3.062 7,3, 
,s ,n surpris g characterized by substantial 

35 ^rrSr. J— tothe copolymers of,he matan. 

" „^«g betler uniformity man .hose of Elemeno. m the sen of 
, ne dislribulion ofTFE and HFP in Ore copolymer. From Or. nature 



s 



PCTAJS96/01483 

WO 96/24625 

Bono's process. one would «P« K*— «»- 4 -* f £ 
f 0 be rich in TTE units (and more crysulltac o, more Itkcl, ,o be 

depleted as the polymertalion reacrion propped. Consequent^ one 
5 won" expect polymer formed .are in Ore batch to be re lartvel, ■ n* « 
Z. and seances of « three, or mora HFP « 
eoncenuauon cooid occor. As shm™ by £^«£n, by 
TFE/HFP copolymer containing :>7 wt /« Hrr units anu m » 
„s procure did in fact contain high concentrations of HFP diads 

10 and triads, indicating a lack of uniformity. 

In another embodiment, a TFE/HFP copolymer ot this 
• u • m „ m hn« as defined above also contains copolymenzeo 

121 atoms and fluorovinvlethers. said copolymer containing sufficient 
, 5 C un"p Z Lid comonomer combined to cause the copolymer to be 
nmhous with HFP and additional comonomer being in such 
amorphous, with »^ transition temperature of at least 

proportions that said copoi>mci e 

,hout20»C preferably at least 25°C. most preferably at least 35 C. mis 
about 20 C. preiera ^ ^ pr£sence Qf 

^^^^^^ 

,MV) in the range from I Pa s to 10 x .0= Pa s. Although • htgh HFP. or 

M ^0^. « having lower comonomer conren, bene, 

from having a low MV .0 eliminate traces of crystalhntty. 

from havtng . ^ of , his „ , 

characterized by uniform disrributton of HFP units in rhe cowmen £ 

3„ .cans rhar most of me HFP ^ ^.Z dtads 
as neighbor, and only a minor pan of the HFP untrsp 
sequences of two HFP units, or triads ~L 
The fraction of HFP units in the polymer present as rtr r 
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the form of a dispersion of small resin particles in an aqueous med.um. 
The dispersion particles can be unusually small, with average parttcle s.ze 
tvpicallv in the range 0.01-0.15 »m, usually 0.02-0.1 pm. Because of the 
small particle size and the amorphous nature of the copolymer, dtsperstons 
can be transparent and very clear. 

The polymers of this invention may be made at least by the 
method known as aqueous dispersion (emulsion) polymerization^ and 
aqueous dispersion polymerization in the presence of a solvent, but with 
special parameter as will be explained hereinafter. 

The minimum HFP partial pressure that can be used to make 
the amorphous TFE/HFP copolymer of this invention by the P™em 
semi-batch process is about 500 psig (3.5 MPa) out of 600 psig (4.2 MPa) 
total monomer pressure. HFP partial pressure is preferably about 525 psrg 
(3 7 MPa). most preferably about 550 psig (3.9 MPa) out of 600 ps.g total 
,5 monomer pressure. Higher, or slightly lower, total monomer pressure 
mav be used, in which case HFP partial pressure should be adjusted 
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proporuonately^ ^ ch(jsen tQ obtain high dispers i 0 n 

particle surface area (small particle size) in order to enhance reactmn rate. 
20 which is suppressed bv the high concentration of HFP re.at.ve to TFE. at 
T^red high levels of HFP incorporation in the copolymer. In the process 
of this invention, surfactant concentration of at least 1.5, the crmcal 
micelle concentration is used to achieve this objective. Preferably, 
surfactant concentration is 2.0,. more preferably 2.5x the cnucal rmcelle 
25 concentration. Such concentrations of surfactant have generally been 
avoided in prior an processes. For purposes of this mvenuon. the cnucal 
micelle concentration is defined as the critical micelle concentrate as 
determined at room temperature. The properties of the surfactant-water 
system under polymerization conditions are uncertain, but advantageous 
30 results suggest that micelles may exist. 

For discussion of critical micelle concentrate, for example, 
see Kirk-Othmer. Encyclopedia of Chemical Technology, 3rd Ed Vol. 
T> pages 344-346 (1983). As discussed therein, the cnucal rmcelle 
concentration is the concentration at xvhich surfactant molecules form 
35 aggregates called micelles. This property is charactensttc of each 

solvent-solute system, and may be determined by measurement of vanous 
properties of a solution as a function of surfactant concentratton. For th.s 
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work, the critical micelle concentration was taken as the point on a plot of 
UT f ce tension v, concentration in water at which the rate ol char.ee of 
rfce tension with increasing concentration became very ow. Sur ace 
tension was determined using a Prolabo tens.ometer. a W.lhemy plate 
5 rchTne. in this technique, a platinum blade is tmrnersedm the hqutd. the 
hquid - withdrawn, and the force on the blade is measured w.th a tors.on 

WifC ' The required surfactant concentration relative to its critical 

mi celle concentration restricts choice of surfactants. For example the 
,0 Tomlnly used ammonium perfluorooctanoate (C-8) has a cnuca. rmce He 
centra ion of about 0.075 mol/L. and mu.tip.es of thts ; value : would be 
.nrelsonablv high. For practical reasons, the surfactant durably has 

z sr«-i- « - ab ° ut 003 m ° i/L - prcfcrab • n ° 

m ore than about 0.01 mol/L. Suitable surfactants include ammon.um 
15 TeTnuorononanoate. which has a critical mice.le concentrate o about 
1 ^ 03 Il/L. and the perOuoroa.ky. ethane sulfonic acids and salts thereof 
disclosed in U.S. Patent 4.380.61 8. Of these, the rmxture of C 6 -C, 6 
^nZo^ ethane sulfonic acids sold as Zonyl® TBS nuorochem.ca. 
surfactant (Du Pont Company), which also has a cnttcal mtcelle 
20 concentration of about 0.003 mol/L. is preferred. 

Temperatures in the range of about 95 -1 15 C. preteratm 
98C 08«C are suitable for making the amorphous TFE/HFP copolymers 
of th invention bv the semibatch process used. Surfactants used ,n 
Jnulsion polymerization appear to be less effective at temperatures above 
^ i03C-108 o Candlhereisatendencytolosedispers.onstabilit>. 

23 initiators commonly employed in emulsion po.ymenzauon 

nfTFEcopolvmers are water-soluble free-radical initiators such as 

llnlCuirate (APS), potassium persu.fate (KPS, or disuccmc 

acid oetoxide. APS and/or KPS is preferred. 

aa.dperox Aftcrthttc „ lorj5Cha , gcdw i, h „ al „.surfacumand 

1 ™ore TFE is added fo, a presold .i-ne «. .. 
35 durins which .he ini.ia.or sola.- is cnncuously added. Than. TFE 
Zioa is suned apd eon„o.ied acco,d,n 8 .0 ,hc schema chos„ o 
reeula ,c U>e poiynaeriza.ion. An al.ema.ive procedure ior ,h,s dwe.l 
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• • , lower but constant TFE partial pressure during the 
period is to maintain a lo^er but co 

f,rst part of the batch. nlternati ves for regulating the rate of 

T^e are several ^ ^ aUemalives firsl t0 
TFE/HFP copolymenzatton. It » com ^ ^ ^ ^ 

5 precharge all HFP monomer and then to ^ ^ 

Uu- ^^T— ^ TheTFEmaybeadded 
reacuon kickoff to maintam ^ necessary l0 increase or 

ataconstanl rate, withaguator spe* ^^ 5to m8inlain consta „t total 
decrease actual polymenzauon rate^d ^ ^ speed ^ bQlh 

10 pressure. Alternatively^ to * p ^ lhe conslanl 

be held constant, with TFE adoea 0 , vrne riiation in stages 

pressure. A third altemauve ^.ng TFE feed rates. 

W ith variable agitator speed, but wA St ' produc . and are 

The latter two alternatives prov.de the most 
1 5 preferred. . . s reac tive than the TFE 

monomer so - * "f^L**- f STd* 

incorporation of HFP. I P . mono mTO throuehoot the 
conditions also re,»ir« a const... copo ,yme, that is 
2 „ p„,ymeriza.io. in ordet ■» , d , snibute0 monomer 

consistent throughout the »ch. one s ,„ ce the 

" HFP eon be incorporated <- "T."? ^5 pumping * *« 
^charge Pios snbse,»en. * 
additional comonomer tmo the '« ' J mM ^ copolymer 
comonomer and dte amount o be tnco^ ^ above 

Tbe batch (inclodtns ^ „ hicil roiM »e 

U. using a — concern* bo ^ ^ 
eoncen.-a.ion. .o make me amorphous ^eop lasIomeli c. Soch 

als0 be nsed to make other and m el,.f.bricab.e. As 

35 soch. .hey have heat of t«* *^* MV) ,„» is generally no mote 
r:yr»trmetan 8 eo ff tom,0P,,o 
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50 x I0 3 Pa s. preferably 0.5-10 x 10 3 Pa-s. Such fluoropolymers are 

copolymers of at least two fluoromonomers. including those disclosed 

above. Of particular interest are copolymers of TFE with at least one 

other fluoromonomer selected from fluoroolefins containing 3-8 carbon 
5 atoms, fluorovinylethers. and functional fluorovinylethers. HFP is a 

preferred fluoroolefin. Preferred fluorovinylethers include PAVE. 

Perfluoro(methyl vinyl ether), perfluoro(ethyl vinyl ether), and 

perfluoro(propyl vinyl ether) are preferred PAVE. For TFE copolymers. 

the amount of other fluoromonomer is usually sufficient to reduce the 
1 0 melting temperature of the compolymer significantly below the melting 

temperature of TFE homopolymer. but not enough to reduce the heat of 

fusion below 3 J/g. For making such fluoropolymers. the surfactant 

concentration can be at least 1.2x. preferably at least 1.5x. the critical 

micelle concentration. Utilizing a surfactant concentration above the 
15 critical micelle concentration in the process of this invention leads to 

improved results, for example, enhanced incorporation of less reactive 

comonomer or enhanced reaction rate at constant copolymer composition. 

or both. 

While concentrations of surfactant exceeding the critical 
20 micelle concentration produce desirable and unexpected results in 

polymerization, they raise concerns about isolation of the polymer from 

potentially very stable raw dispersion, i.e.. the product of polymerization 

in the polymerization liquor, and about high residual concentrations of 

surfactant on the isolated polymer. One aspect of this invention also 
25 addresses these problems. 

Traditional techniques known in the art (see U.S. Patent 

5.266.639. for example) for isolating polymer from the dispersion 

polymerization medium sometimes achieve incomplete recovery of 

polymer solids from the medium of this invention. This is probably due to 
30 a combination of stabilizing effect of the surfactant in its high 

concentration and the small particle size characteristic of the product 

produced by the process. However, it has been discovered that essentially 

complete recovery of polymer solids from raw dispersion can be achieved 

by an isolation procedure comprising freezing of the dispersion. 
35 subsequent thawing of the frozen dispersion, and then separation of the 

polymer solids from the thawed frozen dispersion. It has also been 

discovered that the time between thawing and the removal of the liquid 

10 

\ 
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km, of the thawed frozen dispersion affects the 
from the polymer sol.ds of th tha ^ ^ 

partitioning of the surtactant carried away by the liquid 

recovered solid, with the rern0V al decrease, 

casing as the time b-~££ » ^ or rcmova l of the thawed 
5 That is, immediate removal o f^aw ^ more 
Uquid simultaneously with J , ess to rcmain with the 

surfact ant to* process is another aspe. of the 

polymer solids. The freeze e to of 

invention. This aspect of the mvenuon W ^ medium 

from processes producing polymer n ^ ^ ^ 

amorphous TTE/HFP cop^olymers o «hu homopo ,vmers and 

valuable for Lvmerization process. The 

copolymers, produced by a *^J*£ can be supp lemented with 
l5 freeze-thaw isolation method as known in the art. As 

various procedures for ^^^^ to thaw, remove 
will be shown by an example ^ 'U simafmm thawin g of the 
tne owwwi liquid, and the thawed frozen 

frozen dispersion. ^ ^ ^ solids of the thawed frozen 

tluoropolymer resin dispers.on from aqueo^ ^ ^ ^ w 
25 advantages over prior art process ^ ^ ^ ^ flow rf fesin 

follow, apparent density of dne hso ^ polymerization can 

aBg ,omerates can be improved and surfa ^ ^ canying 

b - e ntore effectively separated om he - ^ ^ 
out me process enhance proces s of this invention. 

in carrying out the freeze/ P ing dclai ls. 

30 practical considerations willing 

Perhaps most significant are ^ ^ . r ^ as „ 

While the freezing step of the proces edure would require 

frcezing of a drum filled with ^^ze a body of dispersion. 
35 alongtime. To minimize the time r f disp ersion to be 
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small. e.e.. no more than about 3 mm. Thus, tor examp e. the bod can be 
Telativdv thin flat Him or sheet, or can have a relauvely th.n-wal.ed 
vHndrical shape. Bodies of frozen dispersion having at least one small 
dimension also have the advantage of permitting rapid thaw.ng for the 
same heat transfer reasons. Many process designs can prov.de the 
advantageous condition of a body of dispersion havmg at least one small 
dLnsion. For example, a thin layer of aqueous dispersion can be placed 
Z flat trav for freezing, or chilled paddles can be dipped mto aqueous 
dispersion until a layer of frozen dispersion forms on the paddle suriaces. 
or a chilled roll can be partially immersed in a reservo.r of aqueous 
d spersion with the roll axis parallel to the surface of the dtspers.on and 
oled at such speed to pick up a layer of frozen dispers.on to be removed 
dX me part of a revolution of the roll when the frozen d,spcrs,on ,s out 

of the tph/HPP copolymers of this invention can 

be used in manv ways. Being amorphous, the resins and fabricated 
anic thereof are transparent and substantially free from haze, and can 
be ni llv usefU, in applications for which optica. Canty ,s .mponan, 
In powder or pellet form, the copolymer resins can be used ,n any o the 
as extrusion, molding, or pressing by which then.op.ast.es 
re conventionally fabricated into f.nished anic.es, providing the 
pr openies of the copo.ymer are suitab.e for the intended use Sue* 
Ltic.es include fllm. tubing, hose, wire insulauon. loamed structures 
Tc ud ne wire insulation, coatings on wire for mechanical uses mjecuon- 
mo^ terns, blow-molded anic.es. bottles, containers, protects Immgs. 

linatesandother ^^^^o* 
thermal characteristics make the amorphous If tmrr P . 

nvention suitab.e for uses not accessible to prior-an perfluorop.as .es 
because propenies were inappropriate or because requ.red processmg 
because propen. rr XFE/HFP copolymer of th.s 

temperatures were too high. For example, u i 

nvenrion can be used as a melt adhes.ve at low temperature. H.gh 
mvenuon can be as perfluorop ,astics disqualif.ed them 

processing temperatures of V™^£LJ* which cou.d not tolerate 
for use in conjunction with many otner maic 

" T—'™ coders of , his to ve„Uon « 
be used in dispersion Com, Tl>= as-po1yn,er, 2 ed (raw, d,spe,s,on mav be 
^eo as discharged from ft, reacor if U has ad«,oa.e s.ab.hry and/or 



12 



PCTAJS96/01483 

WO 96/24625 

b,ended m - TWIW C T*22TEp mward dry Mends or 
filled resins. Small raw oisp makg ^ 

disperse ° fiirns having im.ll Ihickness. 

composition, they « unu •* .«» *^ ^ are prefenrf 
solutions a.ambtem.empe™n«j™ boul 12J al omic 

as solvents, but "-'^""^Ta* chlorine can he used. 
, 5 percent (at%) hydrogen and/or about 3 . lMlkanM or 

Compounds mos. useful as untee d rings. Highly 

acomatics. borh of which may coma* «*^« n(is may be 

„ u o„na,ed cycloalhanea « £££ £ £, 8 , oups . Compound, 
substituted by perfiuoroalkyl or peril" . 

pcnuo^l-merhyldecalm). perfluoro, <™ ^ ^ ltm . 
oernuoroirerradecahydrophenanrhrenel.per 

pe^cyctohexy lmerhy < ^ may also be 

;„ vt „,ion can be -ed -ordmg .o « «m *e - 
3„ using Ouoropolyme, d , sp „s,on panicles are 

35 copolymer of .his invenuon , can* « ^ ^ ^ 

possible 10 achreve end results , ess CMlveme „ t 

available perfluoropolymers or could be acme . 
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ways These results include any of the results for which polymer 
dispersions and solutions are used, such as coating, encapsulation, and 
impregnation. The TFE/HFP copolymer dispersions and solutions of the 
invention can be employed in any of the methods by which such systems 
5 are known to be used, including dipping, painting, and spraying. 

Normally, the dispersion or solution is deposited in place in the wet state, 
the deposit is dried, and the dried resin is fused or consolidated thermally. 

The TFE/HFP copolymer dispersions and solutions of this 
invention can be used to make coatings on a broad range of substrate 
10 materials, including metal, semiconductor, glass, ceramics, refractory 
materials, dielectric materials, carbon or graphite, and natural and 
synthetic polvmers. The substrates can be in a broad range of physical 
forms, including film or paper, foil, sheet slab, coupon, wafer. w,re. liber, 
filament, cylinder, sphere, and other geometrical shapes, as well as in a 
15 virtuallv unlimited number of irregular shapes. Coatings can be apphed 
by methods known in the an. including dipping, spraying, and painting. 
For plane substrates of suitable dimensions, spin coating can be employed. 
Porous substrates, including those made from tluoropolymer such as 
polytetrafiuoroethvlene. can also be coated or impregnated. These 
20 include, for example, screens, foams, microporous membranes, and woven 
and non-woven fabrics. In making such coatings, the water or solvent can 
be driven off by heat leaving a dry TFE/HFP copolymer coating. 

Coatings of the amorphous TFE/HFP copolymers of this 
invention can be a sole coating on a substrate, or a component of a 
25 multilaver coating. For example, a TFE/HFP copolymer coating of this 
invention can be used as a first or primer, intermediate, or final coating in 
a multilaver fluoropolymer coating system. The coatings of this invention 
include coalings resulting from several successive applications of 
dispersion or solution to increase coating thickness to desired levels. 
30 Coatings of this invention can consist of the amorphous 

TFE/HFP copolymers of this invention alone, or of the TFE/HFP 
copolvmers admixed with minor amounts of other materials either soluble 
in waier or the solvent or dispersed in the coating dispersion or solution. 
A minor amount can be up to about 10 wt% based on the combined weight 
35 of TFE/HFP copolymer and additive. 

Specific coated articles are within the scope of this 

invention. 
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Coaled articles include polymer extrusion dies and molds for 
rubber and plastic parts, such as o-rings. bottle caps, golf balls, golf ball 
covers, golf ball cover half shells, and the like. The TFE/HFP copolymers 
of this invention, both as-polymerized and after fluorine treatment, can be 
5 used in coatings. In the case of dies used for extrusion of poly olefins, .t is 
preferred that coatings be made from as-polymerized resin because such 
coatines are more durable. Both interior and exterior surfaces of extrusion 
dies may be coated to. respectively, facilitate extrusion and alleviate die 
buildup. 

)0 coated articles include gasoline engine carburetor parts, 

internal parts of internal combustion engines such as valves and piston 
skirts- razor blades: metal containers such as cans, pans, trays, vessels, and 
the like: metal sheets and foils: continuous metal belts: metal rods, tubes, 
bars, profiles, and the like: bolts, nuts, screws, and other fasteners. 

, 5 Coated articles include an article bearing a machine- 

readable markine on at least one surface, especially but not limited to a tag 
that can be attached to another object to provide informat.on about 
inventory identification, contents, ownership, hazards, operating 
conditions, or maintenance requirements, for example. 

20 Coated articles include wire forielectrical and mechanical 

service In either case, the metal wire may be solid or stranded. Wires tor 
mechanical service include catheter guide wire and the actuating w,re ot 

push-pull cable. 

Coated articles include rubber o-rings. seals, beadmg. 

25 easketing. and the like. 

Coated articles include paper and textile materials, including 
woven fabric including glass fabric, non-woven fabric, felts, and the like 
fibers including filaments, yams. e.g. staple and continuous filament, and 

strands. ... 
30 coated articles include foams, membranes, and the like. 

Coated articles include optical fibers in which the substrate 

is a glass or plastic fiber. 

Coated articles include optical elements, wherein the coating 
functions as an anti-reflective coating to reduce or eliminate reflection. 
35 Such elements include viewing screens, windows, television screens or 
faces, computer monitor faces, and the like. 
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Coated articles include semiconductors, semiconductor 
devices magnetic storage media including disks, photoconductors. 
ironi^ices. e.ectronic assemblies, and the like, wherem the coaung 

may be very ^ composition comprising the amorphous 

TFE/HFP copolymer of this invention can be used as a melt adhesive to 
ilnVrwo anLes together. The coating may be applied to a substra e 
from Si so.utio, or from thin film of the TFE/HFP copolymer 
"a laminate, which is essentially a coated article. Two aruc.es at 
Zt of which is a coated article comprising a substrate coated wi* 
Z opposition are brought together into conforming contact such tha 
fTcontactin E surfaces is the coated substance. These two amcles 

zizzzsi — - - — ~ ht :r her " 

Tnd more than two articles may be involved in the bondmg. i.e.. the 

^des After the two articles are brought together and are m conforming 
« ^ one another, at least the region of this "™ 
he glass transitiontemperature of the copolymer, preierably to a 

ft f„ least 100°C if the substrate can tolerate such 
, em pera ure fct „„„„ p(ior , 0 ani c,„ bring brooch, 

zr — w - b. 

boating is appUed ft. . ho, so,o,io„ of . nig con— « 
cooolvmc. in highlv floorinaed solven. To avo,d gri fonnanon W,* .he 

X^n confoLng con«, pressor, is supplied » assure ,n,,n» y of 
C o*ac, for a .ime sufftricn, .o effec, .he bond. This pressure can be an 

ex.en.al force or sob „ auen „ v coo kd .0 ambienr lemperature 

ini ries copolymcrs of ftfts invennon can 

^h, ™« -^5-5000 ppm. When the TFE/HFP copolymer of this 
» m the range 25 500 PP for ^ applicatl0ns , 

invention is used as a processing am y j 

Xea.^oHniec.ion Hiding, even high.,nri,,nd.x res.ns. ,0. 



16 



PCTAJS96/01483 



WO 96/24615 



™n,n.e .hose bavin* a nh index of20 o, more, may suffer processing 
to Sueh p^Mk. may comprise any rheonoptorc 

r^rX^^normore^e^ea^ 

rlT ln ITeular d»s invennon is apptabfe ,0 *« followmg: 
atoms, in parucu.-.. | 0 w-density type 

EXAMPLE^ 

»r^=^r^:r.r P eomen,, s 

wavelenphs „ f «« peak absorbances. 

„ pressed as anrn£ HFH^ ^ ^ copo|ymm . „ by 

PEVE was de-ermined from an -«-b- ^ - 4 J5 pm 

, 5 t^ree^^— llan^edbanda, ■», pmand 
" "laud as 0.97, ,he ra.io of .he ,0, pm absorbance ,o 

^ " ofbe Hookers were — b y 

ASTM medrod D.238-52T modified . "0.062 ineb 

30 4.380.6,8. exeep, ma-onfiees, 0 ^d for samp.es 
( 1 .6 mm) diamerer and werghls of 833 g or . 

haVi " 1 "L-l cbarae.eris.ies of fiuoropoiymer resins were 
defined by DSC by d,e me*od of AS TfM ^^^^ 

35 con— -^^^^ » ' *~ * 
of the melting cndothcrm. rormcm 
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elasS transition temperature (T g ). samples were cooled to 0°C before 
Heating was started^ ^ ^ ^ ^ _ 

dispersion particle size (RDPS). -as measured by photon correlate 
spectroscopy.^ ^ ^ measurcd by 

W NMR using a Bruker AC 250 NMR unit operating at 235 MHz. 
Z^LJL as 3-50/. (wVvol) scutions in hexafluorobcnzem :w« 
Laded in 5-mm NMR tubes and heated to 80'C . a narrow bo e p be. 
5 Signals due to the tertiary fluorine of HFP un.ts appear a, -1 83^5 ppm for 
- TZ HFP units at -179.5 ppm for HFP units present as head-to-tail 
dia nTa - - 7 PP* for HFP units present as head-to-tail triads. It is 
uncemta whether of not the integration for the HFP triads at -177 ppm 
sotcTudt oligomer* blocks larger than triad, The fracuons of HFP 
5 units present as triads and diads were determined as the rauos. 

re,„ectivelv of the areas of the "F NMR signals at -177 and -179.5 ppm 
respectively, oi me ar 177 -179 5 and -183.5 ppm. 

to the total of the areas of the s.gnals at -177. . ™ w 

detection limit for triads is less than 1% of HFP untts ,n the 
copolymer. ^ ^ fo , lowing . unless olhc ^ lse stated, stated solution 

the gravimetric method. 

Sample.! 

A cvlindrical. horizontally disposed, water-jacketed . paddle- 
birred stainless steel reactor having a length to diameter ratio of about 1 .5 

30 Ta^c^^ 

cemtneralized water. Tne reactor 

with TFE. and then surfactant in 

„*edtodrawinasolutionof0.2l4panoi£UNTL id 

temperature had become steady at 103 C. HFP 
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reactor until the pressure was 425 psig (3.0 MP*). Then TFE was added 
^reactor to achieve a fina. pressure of 625 psig (4, MPa). Then 0. 
pan of a freshly prepared aqueous initiator soiut.on conta.n.ng 0 6 ^ /o of 
ammonium persulfate (APS) and 0.7 wt% of potassium persulfate (KPS) 
, was pumped into the reactor at 0.055 part/minute. The agitator speed was 
reduced to 38 rpm and held constant for the remainder of the batch. 
Thereafter, the same initiator solution was pumped into the reactor at 
0.026 part/minute for the remainder of the polymerization. After 
polymerization had begun as indicated by a 10 psig (0.07 MPa) drop » 
0 reactor pressure, additional TFE was added to the reactor to maintain 
pressure constant at 625 psig until a total of 182 parts of TFE had been 
added to the reactor after kickoff (87 minutes). The TFE feed was then 
stopped and the reactor was cooled with the initiator leed contmumg and 
the aaitator still running. When the temperature of the reactor contents 
5 reached 90»C. initiator pumping and agitation were stopped and the 
reactor was vented. After venting to nearly atmospheric pressure^ 
reactor was purged with niuogen to remove residual monomer. The 
dispersion, which was bluish and translucent, was then discharged from 
~ r and saved. Solids content was 3 1 .5 wt«/. and RDPS was 0.029 
>0 nm. Then. 2.0 parts of the dispersion were blended with 1 .5 parts of 
demoralized water and 0.0. part of concentrated nitnc acd and 
coagulated bv vigorous stirring. T*e wet polymer wh.ch resulted from the 
coagulation was compressed to remove a portion of the water and then 
drie^in a circulating air oven at 150'C. The TFE/HFP copolymer resin 
25 had an MV of 3.7 x ,03 Pas. an HFP1 of 4.45. and an <^*<»" ° 
400 g/L. The resin was partially-crystalline as ind.cated by a T m of 244 C 
and a heat of fusion of 21.4 J/g- Copolymer resm isolated from a separate 
portion of the dispersion by freezing and thawing had apparent density of 
630 g/L. was free-flowing, and was no.icably less dusty than the sample 
30 isolated by chemical and mechanical coagulation. The PO^enzaUon 
rate, expressed as parts of polymer produced per reactor volume (parts) 
per hour, was 0.22. 

rnmpnratiYf F^aT'* A 

A polymerization was carried out similarity to Example 1 
35 except that the initial water charge was 50.2 parts, the surfactant was ,O06 
pan of ammonium perfluorocaprylate (C-8) and was , precharge w.rt, the 
water, the HFP addition was made to a pressure of 450 ps.g (3.2 MPa) and 
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5 Exam* . *^7""^ 7 °;' ^ P P ,, „ Hf PI of 4,3. a T. of 
The produc. mm had an MV of 7 4 I ^ ^ 

*>WC with heat of fusion of 24.8 J/g, ana an *\>\> 

pan/pan-voluma/hour. less ,han half tha. of Exampla I . 

A «oc.or similar to that descnbad in Example 1 bu, w,,h a 

15 w..« capacity of 8.2 pans by w«i g h, was * 
dcmi»=mH*d water. ™< "™ » ~ » 
puIi ad withTFE. and then left w,.h » pan»> ™ 
rts cto, was then used ,o draw tn a 0 . 26 parl of 

(ammonium pernuorononanoate. Asah, „ U h 

,0 ceminemlized water. Tha solution was e „ „ aled . 

anod.tr 0 088 pan of demineralizcd water. Tha reactor was tn 
«o„ was U a, 82 span and dte " ^1 

pressurized to 510 psig (3 b rvir MPa) after the 

25 raised ,o ,.3-C ^-^-0,7- was rhen increased 

.rashl/prepared a,»eous -^j" 
jM „ .b. re.c.0, a, 0.0. pan/^ for fc reraaind5r 

30 solution was pumped ««^ a ^ for 20 m ,„ after 

oressure was then brought back to 625 psig ai 
pressure no lvmerization by the addition of TFE. .tie 

35 for the remamder of the polymer.** y ^ 
agitator speed was held constant at 82 rpn. Aft r L4 p 
been added after the initial pressureup (213 mm), the Trh 
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stopped and full cooline was applied to the reactor. When the temperature 
of the reactor contents had dropped to 90°C. the agitator was turned off 
and the reactor was vented. When the pressure had dropped to 1-2 psig 
(0.1 1-0.12 MPa). evacuation and initiator addition were stopped and 

5 nitrogen was added to the reactor to give a slow pressure rise. When the 
pressure reached 5 psig (0.14 MPa), the vacuum port was opened for one 
minute while maintaining the nitrogen purge. The dispersion, which was 
water-clear and quite stable, was then discharged from the reactor and 
saved. Solids content was 29.9 wt% and RDPS was 0.07 1 urn. 

, o Approximately 800 g of the product dispersion was poured 

into a plastic bottle and then placed in a freezer at -20°C for three days. 
The bonle of dispersion was then thawed out in a bucket of warm water 
and the polymer phase which had separated was collected on a filter. The 
filtrate was found to contain 0.56% solids which consisted of polymer. 

1 5 residual surfactant, and initiator salts. The polymer was washed three 
times with demineralized water and then a portion of that polymer was 
washed three times with isopropanol (IPA). Both samples were then dried 
in a 55°C vacuum oven under reduced pressure with a nitrogen purge for 
two davs. The melt viscosities of both samples were found to be 90 Pa s. 

20 and HFPI was 1 0. 1 for the IPA-washed sample. DSC analysis showed a 
glass transition at about 45°C and a broad, weak endotherm at about 88°C, 
with a heal of fusion of 1 .0 J/g. NMR analysis indicated HFP content was 
23.3 mol% and that 2.0% of HFP units in the copolymer were in diads. 

No triads were detected. 

25 F.xamplei 

The polymerization procedure described for Example 2 was 
followed with the following differences: I ) The initial water charge was 
4 63 parts. 2) The surfactant employed was 0.021 pan of Zonyl® TBS in 
0.166 part of demineralized water. 3) Also added with the surfactant was 

30 0.0033 part of chloroform as a chain-transfer-agent. 4) The pressure in the 
reactor after HFP addition and raising of the temperature to 103°C was 
552 psig (3.9 MPa). 5) The pressure after TFE addition and that 
maintained during polymerization was 600 psig (4.2 MPa). 6) Agitation 
was at 90 rpm. 7) The first initiator addition was 0.066 part of a 2.5 wt% 

35 APS aqueous solution pumped at 0.01 1 part/min. 8) Subsequent in.t.ator 
ddition was the same solution pumped at 0.0022 part/min. And 9) the 
amount of TFE added after initial pressureup was 0.51 part. The reaction 



21 



WO 96/24625 



PCI7US96/01483 



lime after resumption of TFE feed was 345 min. The product dispersion 
contained 14.4 wt% solids and was water clear. RDPS was 0.096 urn. 
The freeze/thaw isolation procedure described for Example 2 was 
employed with this dispersion. The TFE/HFP copolymer resin melt 
5 viscosity was less than 10 Pa-s and the HFPI was 1 1.2. DSC analysis 
showed a glass transition near 45"C, but no indication of a melting 
endotherm. NMR analysis indicated that HFP content was 27.2 mol% and 
that 2.4% of HFP units in the copolymer were in diads. No triads were 
detected. 

10 reparative F*amplt B 

An 85 mL autoclave was loaded with 60 mL of 
pcrfluorodimethvlcvclobutane and 0.25 g of cobalt trifluoride. The 
autoclave was sealed, chilled, and evacuated. HFP was used to sweep in 
4 25 g of TFE. Enough HFP (about 30 g) was added to bnng the pressure 
15 ofthe autoclave to 93 MPa at 23°C. The autoclave was her.ted to 199"C 
and 296 MPa. and additional HFP was added to increase pressure by 6.9 
MPa to match Eleuterio's condition of 303 MPa (U.S. Patent 3.062.793). 
The autoclave was held at about 200°C for 4 hr and then cooled and 
vented The resulting polymer solution was f.ltered to get nd ot p.nk 
20 residues (presumably containing insoluble cobalt compounds), stripped to 
heavv oil on a rotary evaporator, and then blown down to 0.94 g of solid 
using a stream of nitrogen. This solid had an inherent viscosity of 0.207 
in perfluoro(2-butyl tetrahydrofuran) (Fluorinert® FC-75. 3M Company), 
closelv matching Eleuterio's Example II. NMR analysis showed that the 
TFE/HFP copolvmer contained 57 wt% HFP, and that of total HFP units 
46% were present as isolated units, 27% in diads. and 27% in triads. 

f>amplc 4 

The reactor described in Example 1 was charged with 49 
parts of demoralized water and 0.022 part of ammonium 
perfluorocaprylate (C-8) dissolved in 0.088 part demineralized water. The 
reactor was pressure tested at 380 psig (2.7 MPa) and 90'C while 
aeitating at 46 rpm. It was then cooled to reduce the temperature of its 
contents below 30'C. The reactor was then evaucated and purged three 
times with TFE monomer. leaving a reduced pressure on the reactor after- 
the final evacuation. A valve was then opened to slowly release ethane 
into the reactor until the pressure was raised by 20 inches of mercury 
(0 067 MPa) The valve was then closed and the reactor temperature was 
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TO ched 90-C. the — - »— | ^ ™ , wt% APS 

psig. A freshly prepare aqueous sohmon (I n p , 

'JlJS methanol - "^rX . .0 prig (0.07 
pan/.*™*. Af>« F*"""-£2 ™ wss added .0 the reactor a. 
MP,) drop in reactor pr.sst«. -«-*™ ~ te pans ofTFE 
a „ so as ,o maintain ft. • »» «■ rf , „ M% soW „„ 

- -r w ;rjr;.r. £S j*. — - . — « 

of C-8in — '^'"fTOaddWon. 0.66 pan of an aouaoos 
part/mmute. After 1 3 pans m pu mped into 

oluuon of APS (0.09 tv.%) -"""^Tpl of WE had baao 

added to the reactor, the 1 r fc ie Jhe rMCWr was 

until the reactor pressure dropped to 1* > P ^MM ^ ^ 
, then vented and the **Z££££Z* had a melt viscosity 
contained about 34 wt% normally used for TFE 

of 2.6 x 10' Pa . s as determined by the proc 

copolymers. dispersion waS diluted with 

J „,« to 23 3 wt% solids, and 1 !0 wt% ammonium 
0 demtnerahzed water to 23 3 wt / ^ di l0n was 

carbonate (based on weight of ^ The effluent water 

polymerization. ^ ^ 

coUccad a. 17 h, an.r tha»ing coma.no 3 ^ ^ 
30 ponion offrozen disperrion»as p£ - » * ^ This 

lh at»ed frozan disp.rs.on wa ""«^ Kwte . coro p at .d wish the result 
filtrate contained 477 ppm ol • ■ freeze/thaw isolation 

from chemical - polymer, and that the 

technique removes more of the surtac $ ^ ^ ^ 

35 amount of the surfactant carried aw y b y£hq» 
between thawing and liquid removal decreases. 
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Another ponion of the dispersion was frozen, and the frozen 
dispersion was broken up into fine particles which were mixed well. 
Z on of the finelv divided frozen dispersion were placed on two 
S f, Z a bed depth of about 0,25 inch (1.6 cm). 
5 w^awed as above. The liquid from the thawed frozen d.spers.on 

Z«Z 496 ppm of C-8. in close agreement with the first test. After 
contained « w PV timcs WJlh wam 

thawing, was complete, the PTFt restn was ^ 

w u (40M5'C). dried for three days at 55°C in a vacuum oven and 

C- 8 r e siduewas7 8 2 PP mb,edo„ t hewe lg ht 

l0 of PIPE resin. The second portion was thawed and washed 

..i, n nenu S lv with three warm water washmgs. The PTFE resin so 

oSEJS^ above and was analyzed to have only 376 ppm of 
cTr^e showing the benefit of simultaneous thawing, washmg and 
removal of liquid from thawed frozen disperse. 

fiamplt S 

An aqueous dispersion of an amorphous TFE/HFP 
copolymer was produced by a method similar to that described m 
c j„ui exceot that half as much chlorotorm was used. HFP1 ot 
Example 3. except hat wM 

T^ H TsC The r w dlpe ion was water clear, contained 1 5 wt% 
20 found by DSC. The raw oispcrs. dvne/cm as 

solids had RDPS of 0.03 p.m, and surface tens.on of 69.2 dyne/err as 
m lured bv the ring method using a du Nouy Tens.ometen The raw 
• ' u „ n1 ^et class and a variety of metal surfaces. 

u ^„in, of Zonvl® FSN lluorosurfacumt (DuPont 
25 24.2 dyne/cm by adding 10 g : of Zon>. ^ ^ & 

Company) to 90 g of ™ ^ lension allo wed the 

nonionic surfactant in isopropanol. The lower sun 
Zersion to wet glass and various metal substrates read,ly. 
dtspers.on wet ^ ^ ^ fr om ^ ongmal 

30 raw dispersion, as shown in the following table: 



Raw dispersion (g) 

Water (g) 
Zonyl®FSN(g) 
Solids content (wt%) 



5 10 20 

95 90 80 

0.5 1 ^ 

0.75 1-5 3 
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This example illustrates the Him fonnmg ^ *< 

6 were used to coat gl«s a ^ aceto „ e in a„ 

..In-asonic Mb. dned. nso C ^ ^ off ^ ^ 

dipped in.o .ha drsperstons Ex a ssd P ^ ^ 

T Lu atd chrome P.a,ad S ,aa, 

aiummun, »-™^ w „ t sm00Ih md dear. Coating adheaton to 

All coating* cMtin was 

substrate was .as,ad accord"., .o ASTM D W c „ (Une 

scored (smtchad) in a .0-l.na "»«*T^« '»P< P reKed 
separarion 2.5 mm, using a « *< — * 

i against tha scored coarmgs. The Upa « ' umd 
examined. No removal of copolymer *<^ * J for , hr . 
The coupons with scored coaungs ,"„, ond coded to 

,„e„ were removed ressed agains, rhe scored 

room remperarure. Adhestvel »P« - f „ m , Vom u,. 

„ coarings and me, > strong* adhered ,o -he glass 

coupons occurred. Thus, the coaung 

j _iei.il the action of boiling waici. 
and metal coupons and resisted the action 

Ennmplc 7 

i. ;n.,«:irates the adhesion of amorphous 
This example '" us * a, « ™ Polvme r strips of 

x TFE/HTP copolymer coatings to polymeric substrat 
" ^3xO P 075 i nch(25x76x ^™£££Z^ 
o,vmet hy .memacrvlate.po. y carbo^ 

n.bber vulcanizate. polychloroprene ™ b ^ ~ , „ 3 x 0 .01 inch 
containing nuoroelastome^ 
30 (25 x 76 x 0.25 mm) were cut J th acetone in 

lcrep hthalate. and V**^^ZL to room temperature, and 
an ultrasonic bath, dned at 70 C £ 6 Exccss 

35 A „ coatings ^^^bstrate was tested according , 
AS TM D-3359. Each coating was scored (scratched) as ,n Exampie 7. 
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Adhesive tape was pressed against the scored coatings. The tape was 
removed and the coatings were examined. No removal of TFE/HFP 
copolvmer film from the strips occurred. The strips with scored coatings 
were placed in boiling water for 1 hr, then were removed from the water. 
5 dried at 70°C for 1 hr. and cooled to room temperature. Adhesive tape 
was again pressed against the scored coatings and then removed. No 
removal of polymer film from the strips occurred. Thus, the coatings were 
strongly adhered to the polymer strips and resisted the action of boiling 
water. 

10 Example 8 

This example illustrates utility of the amorphous TFE/HFP 
copolvmer of this invention as a processing aid. The inside surface of a 
0.015 x 0.375 inch (0.4 x 9.5 mm, inside diameter x length) tungsten 
carbide capillarv die having a 90° entrance angle was coated with 
1 5 dispersion C prepared in Example 6. The coating was dried at 220°C for 2 
hr A linear low density polyethylene resin having melt index of 1 g/10 
min (GRSN 7047, Union Carbide) and containing 2.5 wt% of colloidal 
silica to act as an abrasive was extruded through the coated capillary d.e. 
and through a control capillary die that had not been coated, using an 
20 lnstron Capillarv Rheometer at a temperature of 220°C and at a shear rate 
of 833 sec- ' When the polvelhylene was extruded through the control 
capillarv, the shear suess required was 4.5 x 10' Pa and the surface of the 
extrudate was rough and distorted due to melt fracture. When the 
polvethvlene was extruded through the coated capillary under the same 
o 5 conditions, the shear stress required dropped to 2.5 x 10* Pa shortly aher 
stan up and the surface of the extrudate was smooth and und.storted. The 
shear stress slowlv rose, over a period of about one hour, to 4.5 x 10* Pa 
as the copolymer coating was slowly worn away. When the shear stress 
reached a level greater than 3 x 10* Pa, the surface of the extrudate again 
30 became rough. This shows that the amorphous TFE/HFP copolymer 
coating acted as an extrusion aid that significantly reduced shear suess 
and eliminated surface roughness. Addition of a low concentrate of the 
copolvmer resin to the polyethylene resin would have permitted sustained 
extrusion without melt fracture at reduced shear suess. 
35 F,f ? m P le 9 

The reactor of Example 1 was charged with 48.0 pans of 
demineralized water. The reactor was heated to 65»C. evacuated, purged 
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with TFE. and then evacuated again. The vacuum in the reactor was then 
used to draw in 0.079 part of chloroform and a solution of 0.22 part of 
perfluorohexyl ethane sulfonic acid surfactant in water ( 1 .7 parts). The 
solution was rinsed into the reactor with another 0.88 part of water. Thus, 
5 the surfactant concentration was approximately 0.010 mol/L. i.e., above 
the critical micelle concentration (about 0.003 mol/L). The reactor was 
then sealed, agitation was begun at 42 rpm. anc I the reactor 
was raised to 103°C. After the temperature had become steady at 103 C. 
HFP was added slowlv to the reactor until the pressure was 350 psig 
10 (2 5 MPa). The pressure in the reactor was then increased to 600 psig 
(4 2 MPa) bv the addition of TFE. and then 0.43 part of P erfluoro ( ethy. 
vinyl ether) (PEVE) was pumped into the reactor at a rate of 
0 165 part/min. Then 1.10 parts of a freshly prepared aqueous initiator 
solution containing 0.4 wt% of APS were pumped into the reactor at 
15 0.1 1 part/min. Thereafter, the same initiator solution was pumped mto the 
reactor at 0.0066 part/min for the remainder of the polymer.zat.on. After 
polymerization had begun as indicated by a 10 psig (0.07 MPa) drop m 
reactor pressure, additional TFE was added to the reactor to maintain 
pressure constant at 600 psig. The agitator speed was used to control TFE 
20 mass transfer into the aqueous phase so that the TFE addition rate was 
about 0.1 part/min. The average agitator speed requ.red to mamta.n the 
target TFE transfer rate was 33.6 rpm. When a total of 18X1 parts of TFE 
had been added to the reactor after kickoff (.80 min). the TFE feed was 
stopped. When the reactor contents had coo.ed to 90«C. initiator pumping 
,5 and agitation were stopped and the reactor was vented. After venting to 
* nearly atmospheric pressure, the reactor was purged w.th nitrogen to 

remove residual monomer. The dispersion was then d.scharged from the 
Z or and saved. Solids content was 3 ..5 wt% and RDPS was 0.094 pm. 
A portion of the dispersion was poured into a plastic bottle which was 
30 lnp.acedinafreezerat-20-Covernight. The bon.e of dispersion was 
men Lwed out in a bucket of warm water and the polymer phase which 
separated was collected on a filter. The filtrate liquid was found to 
contain only 0.09% solid, The polymer was washed on the Hit * ee 
times with a volume of demoralized water equivalent to 75 A of the 
35 original dispersion portion volume and then was washed three times with 
similar amounts of isopropy. alcohol. Much 
removed by application of a vacuum to the bonom of the filter. The 
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pumping rate was 0.018 part/min after the first 12 min of pumping at 
0.055 part/min. Thus, the surfactant concentration was approximately 
0.0026 mol/L. i.e.. slightly below the critical micelle concentration. The 
reaction time after kicicoff was 111 min. The resultant dispersion 
5 contained 30.7 wt% solids and had RDPS of 0. 142 urn The dried TFE 
copolymer resin had an MV of 1 .6 x 10 4 Pa s. an HFP1 of 3.54. and a T m 
of 257°C with heat of fusion of 24.9 J/g. 

Emnplt ii 

The reactor used in Example 2 was charged with 4.85 part.of 
10 demoralized water. 0.012 pam of Surflon® Sill (0.0051 mol/L). and 
0.0066 part of concentrated ammonium hydroxide. After pressure-testing 
the reactor at 80°C with 300 psig (2.2 MPa) nitrogen, the reactor was 
cooled to 30°C and it was then alternately evacuated and purged with 
TFE three times. The reactor was then left under a vacuum. Ethane was 
1 5 then fed to the reactor until the pressure rose by 1 0 Pa. The reactor was 
then sealed, agitation was begun at 1 10 rpm. and the reactor temperature 
was raised to 80°C. The reactor was pressured to 300 psig with TFE and 
then 0.074 part of PPVE) was pumped into the reactor. Five minutes after 
completion of PPVE addition. 0.66 part of an aqueous solution of 
20 0 25 wt% percent APS was pumped into the reactor at 0.066 part/min. 
Thereafter, an aqueous solution of 0.10 wt% APS was pumped to the 
reactor at 0.0022 part/min for the remainder of the polymerization. After 
polvmerization had begun. PPVE was added to the reactor at a rate of 
0.00047 part/min for the remainder of the polymerization. The reactor 
25 pressure was maintained at 300 psig by the addition of TFE and the 
agitator speed was varied to control the reaction rate so that the TFE 
addition rate was 0.014 part/min. After 1.96 parts of TFE had been added 
after the initial pressureup. the TFE, PPVE. and initiator feeds were 
stopped and full cooling was applied to the reactor. The ag.tator was 
30 turned ofTand the reactor was vented. When the pressure had dropped to 
1-2 psig (0.1 1-0.12 MPa), nitrogen was added to the reactor to give a 
slow pressure rise. When the pressure reached 5 psig (0.14 MPa), the 
vacuum was applied for one minute while maintaining the nitrogen purge. 
The dispersion was then discharged from the reactor and saved. Sol.ds 
35 content was 26.6 wt% and RDPS was 0.1 14 urn. The average ag.tator 
speed during polvmerization was 99.2 rpm. A portion of the d.spersion 
was subjected essentially to the freeze-thaw isolation procedure of 
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Example 9. except that the alcohol wash was omitted. The filtrate liquid 
was found to contain only 0.03% solids which consisted of polymer, 
residual surfactant and initiator salts. The dried partially-crystalline TFE 
copolymer resin had an MV of 1 .4 x 1 0' Pa s, a T m of 308'C with heat of 
fusion of 45.2 J/g, and contained 4.03 wt% PPVE. These results show 
that the polymerization process of this invention, utilizing a surfactant 
concentration above the critical micelle concentration, yields a partially- 
crystalline non-elastomeric polymer having higher PPVE incorporation. 
See Comparative Example E. 

rnmparativf Sample E 
The procedure of Example 1 1 was essentially repeated 
except that the amount of Surflon® SI 1 1 was only 0.0049 part. 
C orrespondin B toaconcentrationof0.0021 mol/L. The average agitator 
speed was 101.9 rpm. The resulting dispersion contained 26.8 wt% solids 
1 5 and had RDPS of 0.1 40 urn. The dried TFE copolymer resin had an MV 
of 1 .6 x 102 Pa-s. a T m of 309°C with heat of fusion of 40.7 J/g. and 

contained 3.47 wt% PPVE. 
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■ CUIM ? : A uniform amorous copolymer comprising copolymenzed 
mte of rermfluoroemylene and hexafluoropropylene comammg up .0 29 

of and hVxafluoropropylene unto are prcsen. in diads and mads 
""""'"I' The amorphous copolymer of Claim .. said copolymer having 

in 3 ranee of from 20 to 29 mol%. 

in a range 01 irui ^w_-«f Claim 4 further containing 

conrains copolvmerized uni* of a, .cas< one comonomer se ec,ed ftom 
fLoolefm comaining 4-8 carbon aroms and fluorovmy, rh.r .«* 
Ip^vmer com.ining sufficien, uni,s of hex.«uorop,opylcne and sa,d 

, 5 ^^TT^rc^r^mSor.^nsaid 

^^n^r^ofaaimiO.-rems.id 
nuorovinyieme, is seleced from pertuoroimchy, vmyl e*er). 

1 • 4 or 6 - _ . cooolvmer of Claim 1 in a highly 

12. A solution of the amorphous copoiymc. u 

flared sow- isoiatto6 ^^^^ polyner , c ^„m 
f,rst freezing said dispersion to form frozen dispe 
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frozen dispersion to form thawed frozen dispersion, and then separating 
said resin from liquid of said thawed frozen dispersion. 

14 The process of Claim 13. wherein said liquid is removed from 
said polymer resin immediately after said frozen dispersion becomes said 

5 thawed frozen dispersion. 

15. The process of Claim 13, wherein said liquid is removed 
simultaneously with said thawing and with washing of said resin. 

16 The process of Claim 13, wherein said freezing is done by 
rotating a chilled roll in said dispersion to form a layer of said frozen 

10 dispersion on the surface of said roll, and wherein said layer is scraped 
from said surface of said roll before said surface re-enters said dispersion. 

17 A coated article, comprising a substrate coated with a coating, 
wherein said coating comprises uniform, amorphous copolymer of 

tetrafluoroethylene and hexafluoropropylene containing up to 29 mol/o of 

15 hexafluoropropylene. 

18. The coated article of Claim 17. wherein sa»d substrate is metal 

and said article is a wire. 

19. The coated article of Claim 17. wherein said article is a mold 



20 



for rubber or plastic parts. 

20. The coated article of Claim 17. wherein said article is an 



optical element. . 

21 The coated article of Claim 17, wherein said article is a 
semiconductor, a semiconductor device, or semiconductor assembly. 
22. The coated article of Claim 17. wherein said article is an 
25 electronic device or electronic assembly. 

23 A process comprising batch polymerizing at least two 
nuoromonomers in an aqueous medium containing surfactant to produce 
an aqueous dispersion of melt-fabncable partially-crystalline 
fluoropolymer containing units derived from said fluoromonomers. sa.d 

30 surfactant being present in a concentration that is at least 1 .2 times the 
critical micelle concentration of said surfactant. 

24 The process of Claim 23. wherein said fluoropolymer is a 
copolymer of tetrafluoroethylene with at least one comonomer selected 
from the group consisting of fluoroolef.n having from 3 to 8 carbon 

35 atoms, fluorovinylether. and functional fluorovinylether. 

^5 The process of Claim 23 and in addition isolating said 
fluoropolvmer resin from said aqueous dispersion by a process compnsmg 
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first freezing said dispersion 10 form frozen dispersion, then thawing said 
frozen dispersion to form thawed frozen dispersion, and then separating 
said resin from liquid of said thawed frozen dispersion. 
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